Introduction
South Africa's international competitive status is considered key when evaluating its efforts of achieving major macro-economic objectives. Global competitiveness is, nevertheless, a multidimensional concept which is challenging to understand using a single indicator (de Jager, 2012). However, according to Walters and de Beer (1999) , the country's real exchange rate is often used to reflect its relative competitive position in international trade. The exchange rate movements affect the country's international relations (Nelson, 2015) . Due to this, the importance of studying the variables that affect the exchange rate in an effort to put an economy on the global map cannot be over emphasized. Arezki et al. (2014) noted that increased volatility in the exchange rate cripples the economy through its adverse consequences on private agents' consumption and investment decisions, and challenges commodity export due to exchange rates fluctuations.
The rate of exchange expresses the value of a currency in terms of the home currency (Munro, 2014) . This value is determined by the forces of demand and supply for currencies in the foreign exchange market (Nelson, 2015) . The relative demand for currencies reflects the causal demand for goods and services denominated in that currency. Depreciation in the currency value causes imported commodities to become relatively expensive, worsening the economy, especially if the country depends heavily on imports (Nortey et al., 2015) . International capital flows can also have a strong influence on the demand for various currencies (Ehlers & Takas, 2013 ).
The foreign exchange authorities can use policies to influence the supply of their currency in international capital markets. The early economic models of exchange rates assumed that the exchange rate is determined by money supply and output levels of the countries (Hopper, 1997) . However, Hauner et al. (2011) indicated the difficulty of antedating the likely variable among competing models, especially for short periods (less than one year).
Amid heightened concerns over exchange rate movements, which include its negative impact on growth and employment in many countries, disagreements over exchange rate policies have broadened following the global financial crisis (Nelson, 2015) . There has been a belief that some countries practice competitive devaluation in an effort to achieve high exports. This competitive devaluation, sometimes called currency war, has become quite common where countries compete against each other to achieve a comparatively low exchange rate (Saccomanni, 2015) . The question is: are countries using policies to intentionally push down the value of their currency in order to gain trade advantages at the expense of other countries? If this be the case, the results could be high production of exports and import-competing goods, which could assist boost export-led growth and job creation in the export sector.
Gold was one of the first metals humans mined (Sujit & Kumar, 2011). Gold as a commodity has maintained a unique function as a means of exchange due to its high liquidity status. Investment in gold can be used as hedge against currency depreciation. Economically, fluctuations in the price of gold are imperative, as they can affect some important economic variables. Logically, one would expect a posi-tive correlation between gold price fluctuations and exchange rate movements. According to Bhunia and Pakira (2015) , this correlation between exchange rate movements and gold price fluctuations is high and important, since they both play a vital role in persuading the investor's confidence in the economy. They further suggest that the causal effects of exchange rate movements on gold price fluctuations may help investors to use investments in gold as a safe haven against exchange rate movements.
Generally, exchange rates across the world have fluctuated extensively (Nelson, 2015) . The South African rand has been trading weaker against the US Dollar (USD) with the recent trend indicating the USD appreciating extensively against the rand (Scotiabank, 2016). According to Ricci (2005) , USD/ZAR exchange rate's volatile episodes impact negatively on the performance of the South African economy. The country's total reserves remain some of the world's most variable, and being the sixth largest world producer of gold, is no exception to exposure to volatility in the USD/ZAR exchange rate (Arezki et al., 2014) . According to Barr and Kantor (2012) , in the short term, a weaker rand is associated with a falling dollar input costs and, hence, for any given dollar gold price, higher dollar profits. It is, then, important to investigate the casual relationship between gold prices and exchange rates in the South African context.
Policies have been developed on exchange rates in an attempt to address major shocks in the form of significant gold price reductions (Aron et al., 1997) . The South African economy depends greatly on the mining sector (gold) as an important foreign currency earner (Nattrass, 1995) where gold accounts for more than one-third of South Africa's exports (Bhorat et al., 2014). This depicts the exports' heavy reliance on natural resources in South Africa.
There are studies on the causal relationships between commodity prices and exchange rates (Frankel, 2007; Cashin et al., 2004; Zhang, Dufour & Galbraith, 2013; and Arezki et al., 2014) . A study by Bhunia and Pakira (2014) found Granger causality from gold price to US/AUS$ exchange rate in the long period. Ferraro Rogoff and Rossi (2015) studied the relationship between gold price movement and the ZAR/US$ exchange rate and found a short term relationship between the two. A research by Arezki et al. (2012) indicated that the episodes of increases in gold prices have somewhat been followed by episodes of appreciations in the South African rand. A further study by Arezki et al. (2014) found that real exchange rate and gold prices have a long-run relationship. This current study will divert from the previous studies in that it will make use of a breaking point determined by the date of implementation of a policy change. In the present paper, we examine the relationship of gold prices (in USD) and USD/ZAR exchange rate accounting for endogenous structural breaks in the two variables.
The remainder of the paper is organized as follows. Section 1 describes the data and data source. In section 2, the description of the methodology used to analyze the data sets is discussed. Section 3 and final section discuss the main empirical results and conclusions, respectively.
Data
To investigate cointegration and causality between gold mining index and exchange rates, we use the daily JSE gold mining index (J50) and daily USD/ZAR exchange rate from 9 June 2005 to 9 June 2015 obtained from INET BFA database. Table 1 shows the variable description and symbols used in this paper. Figure 1 shows the time series plot of GMI t (in thousands) and USD/ZAR t From Figure 1 , it seems that GMI t and USD/ZAR t are trending together in unison which suggests a long-run relationship between the two variables.
Methodology
This study focuses on testing the causal relationship between USD/ZAR exchange rate and gold mining index. In this section, we discuss the unit root test and the Johansen-Juselius cointegration test. ... .
The equation has no intercept and no time trend.
When the time series is flat (no trend) and potentially slow-turning to non-zero value, the test equation is:
The equation has an intercept term ( ), but no time trend.
When the time series has a trend (either up or down) and is potentially slow-turning around a trend, the test equation is:
where is the intercept term, yt is the time trend and , and i 's are the parameters to be estimated. In all cases, is a white noise error term (Eviews 8 Manual). The lag length (p) is selected by using the Schwarz's Bayesian Criterion (SBC).
The null and alternate hypotheses for the equations are:
0.
Accepting the null hypothesis indicates the presence of a unit root. The alternative hypothesis in case of equation (2) implies a mean-stationary process and that in equation (3) is for a trend-stationary process. Therefore, we are able to identify whether the time series under investigation are mean-stationary, trend-stationary or non-stationary. According to Chomobi (2010) cited in Niyimbanira (2013) , the ADF test relies on rejecting the null hypothesis if the data need to be differenced to achieve stationarity in favor of the alternative hypothesis that the dataset is stationary and does not need differencing. is the location of the breaking point. The breaking location is endogenously estimated in these equations (Narayan and Smyth, 2004). The t-statistic for is calculated over different values of T B (possible breaking points) and the break point (date) is selected as the point corresponding to the minimum ADFstatistic (Zivot & Andrews, 1992) . The lag length ( ) is selected by using the Schwarz's Bayesian Criterion (SBC).
Unit root test in

Testing for cointegration.
To investigate the possible existence of a long-run equilibrium relationship between gold mining index and USD/ZAR exchange rate, we use the Johansen-Juselius Full Information Maximum Likelihood (ML) technique (Johansen, 1988; Johansen & Juselius, 1990 ). According to Kadir & Jusoff (2010) , Lean (2008) and Hallam & Zanoli (1993) , the Johansen-Juselius approach provides a more accurate estimate for the parameters of the long-run relationship. The basic idea behind cointegration is that nonstationary variables may share a common stochastic trend which can be eliminated by taking a linear combination of the variables. Just like the unit root test, there can be a constant term, trend term, both or neither in the model. If there is co-integration between two variables, there exists a long-run effect that prevents the two series from drifting away from each other. This will force the two series to converge into a long-run equilibrium. The Johansen's methodology takes its starting point in the vector autoregression (VAR) model of order given by 11 ,
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where y t is an n 1 vector of variables that are I (1) and t is an n 1 vector of innovations. The VAR model can be rewritten as: (10) and the maximum eigenvalue test is given by 1 1 ln (1 ), n Max r ir J= -T (11) where T is the sample size and is the th largest canonical correlation. The null hypothesis of the trace test is that there are r cointegrating vectors which are tested against the alternate hypothesis of cointegrating vectors. The maximum eigenvalue approach tests the null hypothesis of cointegrating vectors against the alternative hypothesis of r + 1 cointegrating vectors (Johansen, 1995; Johansen and Juselius, 1990 ). The critical values of the tests are provided in the paper by Johansen and Juselius (1990).
Granger causality tests.
The test of cointegration is designed to examine the long-run or equilibrium relationship and rule out spurious relationship between GMI t and USD/ZAR t , but the evidence of cointegration cannot tell us which variable is leading and which variable is lagging. This can be done by the test of the VECM that can indicate the direction of Granger causality both in the short and long run (Mashi et al., 2010).
Test of Granger causality using VECM.
We further explore the relationship between the series using the Granger causality approach. If the series are found to be cointegrated, then, there must be Granger causation in at least one direction (Granger, 1998 
(1 ) , (15) where k , k , and are parameters, L k and are time lag operators while t and are innovations of equations (14) and (15) , respectively, then, we can consider the cross-correlation functions of the two series. Under the null hypothesis of independence (no Granger causality in either direction), the cross-correlation of the innovations t and will be zero at all positive and negative lags. The approach does not inform on the directionality of causality, but the presence or absence of it, thus, we use this approach in this paper to confirm absence of causality between GMI t and USD/ZAR t . In order to perform this test, we estimate an appropriate ARI-MA model for each series, extract their respective innovations t and and estimate the crosscorrelations of the extracted innovations. If there is no Granger causality between the two series, the cross-correlation values all lie within 2 standard errors from zero (Mok, 1993).
Variance decomposition.
The VECM does not tell us which variable is relatively more exogenous or endogenous. The variance decomposition technique indicates the relative exogeneity or endogeneity of a variable. The technique decomposes (partitions) the variance of the forecast error of a variable into proportions attributable to innovations in each variable in the system including its own. The proportion of the variance explained by its own past innovations can determine the relative exogeneity or endogeneity of a variable. The variable that is explained mostly by its own innovations is deemed to be the most exogenous of all. We use impulse response function, a graphical method which exposes the relative exogeneity or endogeneity of a variable. The impulse responses trace out the response of current and future values of each of the variables to a one-unit increase in the current value of one of the VAR innovations, assuming that this innovation returns to zero in subsequent periods and that all other innovations are equal to zero.
Empirical results
In this section, we systematically investigate the relationship between GMI t and USD/ZAR t-1 . The descriptive statistics of the two data series are shown in Table  2 Cointegration analysis usually starts with testing for unit root of the time series under investigation. The problem with the ADF and PP unit root tests is that they provide biased empirical evidence if the series contains a structural break. An initial visual examination of Figure 1 suggests that there may be a shift in the linkages between GMI t and USD/ZAR t . This could give a first indication of a structural break in the two time series under investigation. To overcome this issue, we apply a unit root test which accounts for structural break in the series under investigation.
The authors employed the Zivot-Andrews' unit root test which accounts for structural break in the time series. Figure 2 shows the results of the ZivotAndrews' unit root test. The GMI t time series plot has a structural break on 13 February 2013 (Figure 2 Structural breaks can reflect institutional, legislative or technical change. Structural breaks may also be due to changes in economic policies or large economic shocks. This means that the structural break can have a permanent effect on the pattern of the time series. The Zivot-Andrews' unit root tests results are reported in Table 4 . All the coefficients of the mean shift variable are significant, substantiating the claim of mean shift. Note: The null hypothesis is the series is non-stationary with a single mean shift. represents the coefficient of mean shift variable and its corresponding optimal break point is shown in the last row. Table  5 (see below). The unit root tests reported in Table 3 and Table 5 show that GMI t and USD/ZAR t follow the I (1) in the full sample and sub-period 1. We, then, proceed with testing for cointegration using the Johansen-Juselius Full Information Maximum Likelihood (ML) technique. Table 6 and Table 8 illustrate the JohansenJuselius cointegration test results for the full data sample and sub-period 1, respectively. Based on the results in Table 6 , the trace and maximum eigenvalue tests reject the null hypothesis of no cointegration between the variables at 5% level of significance without accounting for structural break in the time series. Since the variables are cointegrated, we consider the long-run relationship. The long-run effect is given by the coefficient of the error correction term. The long-run coefficients defining the cointegrating relationship are reported in Table 7 . Table 8 . Based on the results in Table 8 , the trace and maximum eigenvalue tests fail to reject the null hypothesis of no cointegration between the variables at 5% level of significance. This finding suggests no possible long-term relationship between GMI t and USD/ZAR t . Since GMI t and USD/ZAR t are not both I (1) in sub-period 2 and 3, and not cointegrated in sub-period 1, we can conclude that the variables are not cointegrated for the entire period under investigation if we account for structural breaks.
In order to examine the casual relatioship between GMI t and USD/ZAR t , as well as the directions of causality, we run the Granger causality test. The estimated VAR for Granger causality analyses are reported in Table 9 . Note: The notation " " is equivalent to "x" does not Granger cause "y".
By ignoring the structural breaks in the time series under investigation, the Granger causality test for the full sample shows causality relationship in both directions between GMI t and USD/ZAR t at 5% level of significance. However, by taking structural breaks into account, the Granger causality test rejects the null hypothesis of Granger causality between the two variables under investigation.
We also test for no Granger causality between GMI t and USD/ZAR t in sub-period 1 using the ARIMA models and cross-correlations approach. Results show that ARIMA (0,1,1) and ARIMA (0,1,0) models are the best models for GMI t and USD/ZAR t , respectively. The cross-correlation function of the extracted the residuals (innovations) from the ARIMA models are shown in Figure 2 . The cross-correlations of the innovations are within the 2 standard errors from zero, confirming no Granger causality between the two variables in sub-period 1.
Fig. 2. Auto-correlation function of innovations from ARIMA models
The authors also analyze the impulse response in the full sample. Impulse response analysis traces out the responsiveness of the dependent variable in the VAR model to shocks to the independent variable. It shows the sign, magnitude and persistence of USD/ZAR exchange rate shocks to gold mining index and vice versa. Figure 3 shows the impulse responses.
Fig. 3. Impulse responses
Response of: USD/ZAR exchange rate to USD/ZAR exchange rate. There is a positive relationship between USD/ZAR exchange rate and response to its self in the ten years into the future. However, a unit standard deviation positive shock of USD/ZAR exchange rate will cause itself to decrease slightly two years in to the future.
USD/ZAR exchange rate to gold mining index. A slight standard deviation positive shock of gold mining index will cause USD/ZAR exchange rate to decrease below the optimal point (0). This shows a negative relationship between USD/ZAR exchange rate and gold mining index.
Gold mining index to USD/ZAR exchange rate. A slight standard deviation positive shock of USD/ZAR exchange rate will cause gold mining index to decrease below the optimal point (0) at least four years into the future. However, gold mining index is kept almost negative constant variation into the next six years. This shows a negative relationship between gold mining index and USD/ZAR exchange rate.
Gold mining index to gold mining index. There is a positive relationship between gold mining index and response to its self in the ten years into the future. However, a unit standard deviation positive shock of gold mining index will cause itself to increase slightly two years in to the future.
Conclusions
The focus of this paper was to assess the existing evidence of causal interdependence between daily gold mining index and USD/ZAR exchange rate when accounting for structural breaks. Our preliminary results indicate interdependence between the two variables. This result confirms the results by previous studies (Arezki et al., 2014; Bhunia & Pakira, 2014 ; Rogoff and Rossi, 2015) However, the VECM indicates that the long-run relationship between GMI t and USD/ZAR t does not exist at 5% level of significance. After accounting for structural breaks in the time series, this study found that GMI t and USD/ZAR t does not cointegrate and there is no evidence of Granger causality between the two variables. It is the argument of this paper that when we account for endogenous structural breaks in the datasets, there is no evidence of cointegration between the variables. This finding is new and important, especially to the South African government and investors in the gold mining industry. The absence of dependence of gold mining index on the USD/ZAR exchange rate may be cheered by policy makers and mining companies, especially during this era of high volatility in USD/ZAR exchange rate.
Implications
The study, after considering structural breaks in the data, found no cointergration between gold mining index and the USD/ZAR. These results have important macro-economic policy implications for both domestic policy-makers and the country's trading partners. Gold mining index movements may affect the exchange rate if structural changes are not accounted for. In this regard, with the prevalence of unforeseen structural changes, long-run forecast could be better estimated based on results that account for such. To policymakers, this could imply that there are other factors which could influence the USD/ZAR exchange rate which may require investigation such as foreign investments, technological progress, human capital development and resource endowment of the country. From a forecasting perspective, an assumption should be made if the single-break model is considered as a simile for multiple irregular breaks. A break may be a one-time event or at times occur frequently. However, care should be taken since these predictors might have the same forecast biases for breaks that occur after forecasts are announced (Clements & Hendry, 1999) .
We suggest the following channels for future research. Firstly, the study used South African data, future studies should focus on other countries and compare the results. Secondly, since there was no cointergration between the USD/ZAR exchange rate and the gold mining index after accounting for structural breaks, the study suggests that future studies should concentrate on investigating foreign direct investment, oil prices, imports and other variables to see if they affect the USD/ZAR exchange rate when accounting for structural breaks in the data set. Lastly, this present study suggests an expansion of the data set. This will make it possible to detect cointergration between USD/ZAR exchange rate and the gold mining index. A longer data set will produce ideal results for long run decision making.
